Macrophages from A/J and BALB/c mice were more susceptible to Coxiella burnetii phase II infection than were those from C57BL/6, C57BL/10, B10.A, C3H/HePas, and Swiss mice. Resistant macrophages effectively controlled the development of large replication vacuoles (LRVs), which accounted for the restriction of bacterial multiplication within the cultures. However, compared to fibroblasts, all macrophages controlled bacterial multiplication within LRVs.
Coxiella burnetii, a gram-negative obligate intracellular bacterium, is the etiological agent of Q fever (6, 13) . Two phases of the bacteria have been described: highly virulent phase I and nonvirulent phase II. The C. burnetii phase II Nine Mile strain contains a 26-kb deletion in the genome, and although it is avirulent in animals, it infects cultured cells efficiently (5, 7, 13) . After internalization of permissive host cells, the small phagosomes containing bacteria fuse with each other and with endocytic and phagocytic vesicles, forming one large replication vacuole (LRV) that displays phagolysosomal characteristics and supports C. burnetii multiplication (1, 2, 6, 8, 12, 16, 17, 19) . In contrast, mouse primary macrophages, which are more restrictive than fibroblasts or continuous cell cultures, are able to control both bacterial multiplication and LRV formation (3, 17, 18) . As LRVs are a privileged niche for C. burnetii multiplication, control of their formation is an important host cell defense mechanism.
It was previously demonstrated that inbred mouse strains display differential susceptibilities to C. burnetii phase I infection in vivo (14) . C57BL/6 mice were highly resistant, whereas the 50% lethal dose observed for A/J mice was 1,000-fold smaller (14) . In this context, it was important to investigate whether the differences observed with infection of inbred mice correlates with an inherent ability of macrophages to control intracellular C. burnetii infection. In the studies described herein, several inbred strains of mice were used to evaluate the natural resistance of their macrophages to C. burnetii phase II infection.
Bone marrow-derived macrophages (BMMs) were generated as previously described (18) in order to investigate whether primary macrophages from A/J, C57BL/6, and BALB/c mice differed in the ability to control the formation of LRVs. Figure 1A shows that there are significant differences in the proportions of LRVs found in cultures of C57BL/6 BMMs and LRVs found in BMMs from either BALB/c or A/J mice. These differences are illustrated in the images shown in Fig.  1B ; a higher proportion of cells containing LRVs can be observed in the macrophage cultures from BALB/c and A/J mice compared to those from C57BL/6 cultures. Figure 1C shows, by confocal microscopy, two infected cells stained with 4Ј,6Ј-diamidino-2-phenylindole (DAPI), one of which displays an LRV whereas the other contains clusters of intracellular bacteria in small vacuoles dispersed throughout the cytoplasm. Although previous studies have demonstrated that C. burnetii within these small vacuoles does not appear either to be multiplying or being degraded (17, 18) , further investigation is required to characterize bacterial viability, membrane markers, and the pH of these small vacuoles. Therefore, macrophages from C57BL/6 mice may be useful host cells.
Since LRVs are important sites for C. burnetii multiplication, it was important to investigate whether a higher frequency of LRVs in BALB/c and A/J macrophages is correlated with an increased bacterial load in these cultures. Figure 2A shows that the total number of infective bacteria recovered from cultures infected for 4 and 6 days was higher in macrophages from BALB/c and A/J mice compared to those from C57BL/6 mice. The absence of LRVs on the second day after infection may explain the similar amounts of viable bacteria recovered from macrophages infected for 2 days ( Fig. 2A) .
To investigate if the LRVs found in macrophages from BALB/c, A/J, or C57BL/6 mice contained similar amounts of C. burnetii, images of LRVs (DAPI stained) were acquired by confocal microscopy and bacterial fluorescence was quantified by image processing as previously described (16) . Figure 2B shows that the bacterial loads in LRVs of macrophages from BALB/c, A/J, and C57BL/6 mice were not statistically significantly different. These results indicate that the smaller amount of viable bacteria recovered from C57BL/6 cells compared to BALB/c or A/J cultures ( Fig. 2A ) was caused by a restriction in LRV development (Fig. 1A) and not by limiting bacterial multiplication within mature LRVs (Fig. 2B) . The results presented so far are consistent with previous observations of the susceptibility of inbred mice to C. burnetii phase I (14) . However, previous studies have reported differences in the intracellular trafficking of C. burnetii phases I and II in human macrophages (4) . Thus, the bacterial phase used in these studies may be a limitation to the appropriate correlation of data presented here with mouse infection. In this context, Yoshiie and colleagues showed by flow cytometry that lung alveolar macrophages from C57BL/6 mice displayed relatively greater loads of C. burnetii phase I than did similarly infected phagocytes from A/J mice (15) . Therefore, these studies also support the hypothesis that differences in mouse susceptibility are related to inherent differences in the abilities of their macrophages to control the infection.
To test the natural resistance of macrophages from other inbred mouse strains, an experiment was performed with six inbred mouse strains (A/J, BALB/c, C57BL/6, C57BL/10, B10.A, and C3H/HePas) and one outbred mouse strain (Swiss). Mouse-derived L929 fibroblasts were included because these cells are known to be very permissive for C. burnetii phase II infection (17) . To avoid inaccurate estimation of the proportion of LRVs, cultures were irradiated prior to infection. The small dose of radiation used (1,000 rads in a 137 Cs gamma irradiator) did not appear to affect L929 microbicidal activities against C. burnetii, since the bacterial loads within LRVs were similar in irradiated cells and untreated cells (17) . After 6 days of infection, about 80% of the L929 cells displayed LRVs, whereas less than 50% of the permissive BALB/c and A/J macrophages developed LRVs. Macrophages from all of the other mouse strains displayed a restrictive phenotype similar to that of C57BL/6 cells (Fig. 3A) . Statistical analyses of these data support the classification of macrophages into two groups: nonpermissive and permissive. Macrophages were defined as permissive when during the course of infection, the proportion of cells with LRVs reached more than 25% (Fig.  3A) . Figure 3B shows that the bacterial loads inside LRVs were similar among the macrophages studied (as shown in Fig.  2B for BALB/c, A/J, and C57BL/6 cells). In contrast, the bacterial load inside the LRVs formed in fibroblasts was severalfold greater than that in macrophages (Fig. 3B) . Figure 3C illustrates the restriction of bacterial multiplication in LRVs in macrophages compared to those formed in fibroblasts. Interestingly, compared to fibroblasts, both sensitive and resistant macrophages were able to restrict C. burnetii phase II multiplication within LRVs. Thus, the mechanisms by which macrophages control C. burnetii multiplication inside LRVs may be similar in different inbred macrophages. In contrast, the factor(s) responsible for the restriction of large-vacuole formation appears to be either expressed at lower levels or absent or deficient in A/J and BALB/c macrophages.
In conclusion, these studies show that macrophages from A/J and BALB/c mice are more susceptible to C. burnetii phase II infection than are those from C57BL/6, C57BL/10, B10.A, C3H/HePas, and Swiss mice. Resistance is associated with preventing the formation of the large parasitophorous vacuoles in which C. burnetii multiplies. These data provide a background for further studies involving C. burnetii pathogenesis in murine models. Specifically, it will be important for studies involving the infection of primary cells obtained from genetically disrupted mice (10) . Indeed, distinct inbred strains of mice that differ in susceptibility to specific pathogens are invaluable for dissecting the complex patterns in host-pathogen interactions. The inbred strains of mice have allowed the identification of several host resistance loci that regulate natural and acquired immunity in response to several pathogens (reviewed in reference 9). The host resistance phenotype definition presented here is the first step in the identification and cloning of host genes associated with resistance against C. burnetii (11). 
